In order to develop a new starter culture for fermented milk, Lactobacillus fermentum LC272 was isolated from raw milk and its physiological characteristics were investigated. The vitamin K 2 concentration of L. fermentum LC272 was 184.94 µg/L in Rogosa medium and 63.93 µg/L in the reconstituted skim milk. The optimum growth temperature for L. fermentum LC272 was determined to be 40 o C and it took 24 h for the pH to reach 5.2 under this condition. L. fermentum LC272 was more sensitive to rifampicin relative of the other 15 different antibiotics tested, and showed most resistance to streptomycin. L. fermentum LC272 showed higher activities to leucine arylamidase and acid phosphatase. It was comparatively tolerant to bile juice and acid and displayed high resistance against Salmonella Typhimurium and Staphylococcus aureus with rates of 82.9 and 86.3% respectively. These results demonstrated that L. fermentum LC272 could be an excellent starter culture for fermented milk with high levels of vitamin K 2 production.
Introduction
Vitamin K, which is a nutritional factor, plays a role in the regulation of bone metabolism. Vitamin K exists naturally in 2 forms, namely, vitamin K 1 (phylloquinone) in green plants and vitamin K 2 (menaquinone) in animals and bacteria. Vitamin K 1 is a single compound, but vitamin K 2 is a series of vitamins with multiisoprene units (one to four) at the 3-position of the naphtoquinone. Vitamin K 1 has an effect on bone metabolism (Hauschka et al., 1975; Price, 1985) . Vitamin K 2 is essential for the γ-carboxylation of osteocalcin, a bone matrix protein containing γ-carboxyglutamic acid which is synthesized in osteoblast of bone tissues (Hart et al., 1985; Hauschka and Carr, 1982; Knapen et al., 1989) . Vitamin K is an essential cofactor for the formation of γ-carboxyglutamic acid (Gla) residues in proteins (Shearer, 1990) . The Glacontaining proteins bind calcium ions and influence, for example, blood coagulation and tissue calcification (e.g., osteocalcin found in bone tissue) (Hauschka and Reid, 1978; Price et al., 1976) . Vitamin K deficiency has been implicated in several clinical ailments such as intracranial hemorrhage in newborn infants (Purves, 2005) and possible bone fracture resulting from osteoporosis (Iwamoto et al., 2004) . Lactic acid bacteria have been used as starter cultures to manufacture various foods and can be generally recognized as safe (GRAS), and a qualitative study has shown that some lactic acid bacteria produce menaquinone. Tani and Taguchi (1989) have reported that as much as 182 mg/L MK was produced using detergent supplement culture and a mutant of Flavobacterium. On the other hand, lactic acid bacteria were reported to produce menaquinones with the yield of 29-123 µg/L MK-7, MK-8, MK-9 and MK-10 (Morishita et al., 1999) . In many countries, the daily requirement for vitamin K is around 1 µg/kg of body weight (Collins and Jones, 1981) .
The objective of this study is to develop a new starter for fermented milk and to investigate physiological characteristics.
Materials and Methods
Isolation of lactic acid bacteria Raw milk samples (n=820) were collected from farms under the support of Seoul Dairy Cooperative and Provincial institute for livestock promotion in Korea. Strain LC272 was isolated from raw milk in modified MRS medium ( Table 1) . The strain was incubated in lactoba- 
Identification of strain LC272
The properties of the strain LC272 was investigated by testing the Gram staining and microscopic observation after cultivation on tryptic soy agar for 24 h at 37 o C. Bergey's Manual of Systematic Bacteriology was used to examine the morphological and physiological properties of the isolated strains. LC272 strain was identified by using the 16S rDNA sequencing method. Chromosomal DNA of isolated strain was separated by using SolGent Genomic DNA prep kit (SolGent, Korea).
The DNA extracts were used for polymerase chain reaction(PCR) with the universal primers (27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R (5'-GGT TAC CTT GTT ACG ACT T-3')).
PCR were carried out in a programmable thermal cycler (PCR9700, ABI, USA; SolGent EF-Taq DNA polymerase, Korea), with the following steps : one cycle of denaturation at 95 PCR product purified by using SolGent PCR purification kit(SolGent, Korea) was used for sequencing with a ABI 3730XL DNA analyzer (Applied Biosystems, USA).
Sample preparation
All organisms (10 7 CFU/mL) in Rogosa medium (or MRS medium) were inoculated into modified Rogosa medium ( Extraction of vitamin K Extraction of vitamine K was carried out as described by Tsukamoto et al. (2001) . One gram of sample lyophilized was added to 10 mL of deionized water and filtered after being mixed well. Then 5 mL of this filtered solution was added to the same volume of 2-propanol and mixed well for 15 min with shaking. 6 mL of hexane was added and mixed well for 15 min with shaking. 4 mL of the upper phase of the previous solution was evaporated under the stream of nitrogen and redissolved by adding 0.1 mL methanol. This solution was used for UPLC-Q-TOF MS after filtration by a cellulose acetate filter (0.45 µm). The standard vitamin K 2 (menaquinone-4, Sigma Chemical, St Louis, MO, USA) was dissolved in the methanol and used for the preparation of standard curve.
Analysis of vitamin K 2 by UPLC-Q-TOF MS Vitamin K 2 was determined with an ultra performance liquid chromatography-quadrupole-time of flight (UPLC-Q-TOF). 8 µL sample was injected into the UPLC-Q-TOF MS (Waters, Milford, MA). The sample was injected into an Acquity UPLC BEH C 18 column (2.1×100 mm, 1.7 µm; Waters) in line with the UPLC system and equilibrated with methanol. Samples were eluted by methanol at a flow rate of 0.3 mL/min for 5 min. Absorbance of separated eluent was checked at 254 nm with photodiode array (PDA) detector and continue to measure the mass spectrum with Q-TOF. The Q-TOF was operated in ESInegative mode with the capillary and sample cone voltage of 2.5 and 15 KV, source and desolvation temperature of 110 o C, 300 o C, desolvation and cone speed of 700 L/h and 20 L/h, respectively. Collision cell energy of precursor was 2 V but sample was raised up to 10-30 V. 200 pmole leucine was used as a lack mass. The 1st stage identification was done by elemental composition followed by the 2nd stage identification using online database (www. chemsider.com) and final determination and analysis was done using standard materials.
Growth of strain
The number of viable L. fermentum LC272 was determined by serial 10-fold dilution in 0.1% peptone water. L. fermentum LC272 was inoculated 50 µL (9. 
Enzyme activity
The API ZYM kit (BioMerieux, Lyon, France) was used to study enzyme activity. L. fermentum LC272 was grown at 37 o C for 18 h on MRS broth. Sediment from centrifuged broth culture was used to prepare the suspension at 10
-10
6 CFU/mL. After inoculation, cultures were incubated for 5 h at 37 o C. Placing a surface active agent (ZYM A reagent) in the cupules facilitated solubilization of the ZYM B reagent in the medium. Color was allowed to develop for at least 5 min, and values from 0-5 corresponding to the colors developed, were assigned. The approximate number of free nmol hydrolyzed substrate was determined based on the color strength: 0, negative reaction; 1, 5 nmol; 2, 10 nmol; 3, 20 nmol; 4, 30 nmol; 5, 40 or higher.
Bile tolerance
Bile tolerance was carried out as described by Gilliland and Walker (1990) . L. fermentum LC272 was grown at 37 o C for 18 h on the MRS broth. Culture of L. fermentum LC272 was compared for their ability to grow in the presence of bile by individual inoculation (1%) into sterile MRS broth containing 0.05% L-cysteine with and without 0.3% oxgall. After plating for initial counts, mixtures were incubated anaerobically for 7 h at 37 o C. L. fermentum LC272 was then enumerated again to test for survival rates after 7 h incubation. All pour plates were incubated anaerobically for 48 h at 37 o C.
pH tolerance pH tolerance was carried out as described by Clark et al. (1993) . Solutions of 37% HCl in double-distilled water were adjusted to pH level to 2.0, 3.0, and 4.0. Sterile double-distilled water (pH 6.4) served as the control. 10 mL of each pH solution were transferred into sterile test tubes.
1 mL of stock culture containing approximately 10 9 CFU/mL of L. fermentum LC272 using MRS agar containing 0.05% cysteine was then transferred into each of the four pH solutions. The pH solutions containing L. fermentum LC272 were then incubated anaerobically at 37 o C, followed by intermittent plating after 1, 2, and 3 h to stimulate survival of L. fermentum LC272 under pH conditions common to the human stomach. Samples from the pH solution were taken at 1, 2 and 3 h after the samples was resuspended and subjected to serial dilutions. About 100 uL above sample solution was spread onto the surface of BCP plate count agar plates and incubated anaerobically at 37 o C for 48 h.
Antimicrobial activity
Antimicrobial activity was carried out as described by Gilliland and Speck (1977) . Escherichia coli KFRI 242, Salmonella Typhimurium KFRI 251, Staphylococcus aureus KFRI 219 were from the culture collection of the Korea Food Research Institute. Escherichia coli was enumerated on EMB agar, Salmonella Typhimurium on Bismuth sulfite agar, and Staphylococcus aureus on Baird parker agar. All plate were incubated 48 h at 37 o C. The control and associative culture were incubated for 6 h in a water bath at 37 o C. At the end of the incubation time, samples were removed and placed in an ice bath until analyzed. The number of CFU of pathogens per mL was determined using the appropriate selective medium and in some experiments the pH of the samples was also measured. Percentages of inhibition were determined using the following formula :
Inhibition (%)
Results and Discussion
Isolation of lactic acid bacteria Total 820 raw milk samples were collected from farms under the support of Seoul Dairy Cooperative and Provincial institute for livestock promotion in Korea. Total 1505 strains were isolated as a lactic acid bacteria from raw milk in modified MRS medium ( Table 1) .
Selection of lactic acid bacteria producing vitamin K 2 Four strains of M581, M301, M351, LC272 were selected as a high vitamin K 2 -producing lactic acid bacteria, which is more than 30 µg/L in Rogosa medium and 20 µg/L in reconstituted skim milk. Fig. 1 shows chromatogram analysised by UPLC-Q-TOF MS. The concentration of vitamin K 2 was determined by the calculation of peak area with the retention time of 2.29 minutes same as that of standard sample. Table 4 shows the vitamin K 2 (menaquinone-4) concentration of 4 separated strains with UPLC-Q-TOF MS method and the highest was 184.94 µg/L in Rogosa medium and 63.93 µg/L in the reconstituted skim milk. Vitamin K 2 production of LC272 strain in Rogosa medium showed 3 times higher than that in reconstituted skim milk while other strains showed 1.5-5 times. These results might explain that the media formula and kinds of lactic bacteria may result in the changes of vitamin K 2 synthesis.
Compared to the result of Morishita et al. (1999), vitamin K 2 (MK-7) production of 2 strains of Lactococcus lactis ssp. cremoris was 90 µg/L and 29 µg/L, respectively, and it is comparable level to the LC272. Hojo et al. (2007) has reported that the menaquinone-4 concentration in the Gruyere cheeses were 81 and 96 ng/g, whereas in the Appenzeller cheeses were 43 and 52 ng/g, respectively. To confirm the vitamin K 2 production by the selected LC 272, product ion of the LC 272, 444.3003 m/ z was confirmed using LC MS/MS system. Compared to the results of Table 5 , it was possible to confirm that the LC 272 produced material that belongs to the 444 Da of nominal mass and finally it is vitamin K 2 .
=
(CFU/mL in control) − (CFU/mL in associative culture) ×100 (CFU/mL in control) Identification and DNA sequencing of selected strain LC272 It was examined the physiological and biochemical test to determine genus and species of selected LC272 strain. Selected LC272 strain was non-spore, rod type, hetero fermentative, gram positive bacteria and exhibited negative properties on catalase and motility. Also, it can not grow at 15 o C but it can grow 45 o C. It does not produce gas and ammonia from glucose and arginine so that it was identified as a genus Lactobacillus (Table 6) .
Identification using the 16S rDNA sequencing method by the PCR of universal primer was result in the Lactobacillus fermentum with possibility of 99% (data not shown). Based upon the result of previous study, it has named as a Lactobacillus fermentum LC272. (Fig. 2) .
Antibiotic tolerance
It is very important for the probiotic strain can survive in the antibiotic circumstance. Table 7 shows the toler- ance of L. fermentum LC272 strain on the 16 kinds of antibiotics. L. fermentum LC272 showed more sensitive to rifampicin and penicillin-G in a comparison of 14 different antibiotics, and showed most resistance to streptomycin and gentamycin. Lim et al. (2010) has reported that L. paracasei subsp. paracasei BFI46 was sensitive to penicillin-G and chloramphenicol but it shown high resistance to neomycin, kanamycin and polymycin. Table 8 shows the enzyme activity of L. fermentum LC272. The leucine arylamidase and acid phosphatase activity was 5 and it was relatively high on the other hand β-glucuronidase activity one of carcinogen-producing enzymes in the gut was 0 and it was no enzyme activity. This result is similar trends to the report of Lim et al. (2010) on the β-glucuronidase activity of L. paracasei subsp. paracasei BFI46. Fig. 3 shows growth curves in MRS broth or MRS broth containing 0.3% bile. The log value of population after 7 hours incubation without 0.3% oxgall was 8.9 but 8.1 with the addition of 0.3% bile so that it has shown good bile tolerance. This result is similar trends to the report of Lim et al. (2010) on the bile tolerance of L. paracasei subsp. paracasei BFI46 that it has shown slight decrease in the log value of population from 9 to 8.5. Bile salts are toxic effect for living cells, since they disorganize the structure of the cell membrane and bile salt tolerance is considered one of the essential properties required for lactic acid bacteria to survive in the small intestine (Succi et al., 2005) .
Enzyme activity

Bile tolerance
Acid tolerance
Acid tolerance is a property that any stain is expected to have effects in GI tract should possess (Maragkoudakis et al., 2006) . To be a good probiotic, it is necessary to survive in the pH lower than 3 so that it could reach to the 
Antimicrobial activity
The antimicrobial ability is one of important property for probiotics. The antimicrobial activity of lactic acid bacteria may be due to a number of factors. Among these there are factors including decreased pH levels, competition for substances with a bactericidal or bacteriostic action, including bacteriocins (Parente and Ricciardi, 1999) . Table 9 shows the antimicrobial activity of L. fermentum LC272 against the pathogenic strains. L. fermentum LC272 showed high inhibition rate against Salmonella Typhimurium and Staphylococcus aureus with the rate of 82.9 and 86.3%, respectively. But it has not shown antimicrobial ability against Escherichia coli. The pH of media of pathogenic strain was 6.48-6.65 on the other hand, the pH of mixed strain media of pathogenic strain and L. fermentum LC272 was 4.75-4.83 due to the acid production of L. fermentum LC272. Lim et al. (2010) has reported that L. paracasei subsp. paracasei BFI46 has antimicrobial activity on the E. coli, S. Typhimurium and S. aureus with the rate of 57.14%, 96.36% and 0%, respectively. L. fermentum LC272 showed higher antimicrobial activity against S. aureus. The effect of vitamin K supplementation on circulating osteocalcin (bone gla protein) and urinary calcium excretion. 
